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Description 

Technical Field 

5 [0001] This invention relates to an organic solvent-soluble phenylene-containing polymer which has high heat re- 
sistance, low dielectric properties, and excellent processability. 

Background Art 

w [0002] Reflecting the advancement of fine processing technology, large scale integration (LSI) has ever been in- 
creasing in integration, function, and performance. As a result, the circuit resistance and condenser capacitance be- 
tween interconnection lines (called parasitic resistance and parasitic capacitance, respectively) increase to increase 
not only power consumption but retardation time, which is a great cause of reduction of signal speed of a device. 
[0003] It has therefore been demanded to reduce parasitic resistance or parasitic capacitance. One of the solutions 

*5 is to cover the peripheries of interconnection lines with an interlayer dielectric film to reduce the parasitic capacitance 
so as to cope with speeding up of devices. In this case, the interlayer dielectric film must have excellent heat resistance 
withstanding a thin film formation step for producing a mounting substrate or post steps, such as chip bonding and pin 
insertion mounting. 

[0004] Polyimide is widespread as a highly heat-resistant organic material for this use but, containing a highly polar 
20 jmido group, unsatisfactory from the standpoint of low dielectric properties and low water absorbability. 

[0005] On the other hand, polyphenylene is known as a heat-resistant organic material containing no polar group. 

Because polyphenylene is, while excellent in heat resistance, inferior in solubility in organic solvents, it is a practice 

generally followed to introduce a side chain. Polyphenylene having a side chain includes polymers described in U.S. 

Patents 5,214,044, WO 96/28491, and EP 629217. 
25 [0006] These polymers have a basic structure mainly comprising a poly-p-phenylene structure and, in some cases, 

a flexible monomer unit. They are soluble only in specific organic solvents and have poor processability. Besides, many 

of them carry a polar group or an alkyl group as a side chain and therefore fail to fully satisfy the requirements of heat 

resistance and low dielectric properties. , 

[0007] Further, most of these conventional polymers are produced by starting with aromatic dichloro compounds 
30 such as p-dichlorobenzene derivatives. When a fluoroalkyl group or an aryl group is to be introduced as a side chain 
in an attempt to obtain a heat-resistant low-dielectric material from such an aromatic dichloro compound, there are 
accompanying disadvantages, such that the synthesis of the monomer becomes complicated, the monomer cannot 
be secured in a stable manner, and the degree of polymerization does not rise sufficiently on account of the steric 
hindrance of the side chain. 

35 [0008] Thus there has been found no polyphenylene that could fulfill the requirements of heat resistance, low die- 
lectric properties and processability and that could be produced economically. 

Disclosure of the Invention 

40 [0009] An object of the present invention is to overcome the above-mentioned problems and to provide a soluble 
resin excellent in heat resistance, low dielectric properties, processability and transparency. 
[0010] The present invention provides a process for producing a phenylene-containing polymer comprising polym- 
erizing a monomer comprising not less than 50 mol% of a compound represented by formula (I): 
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wherein X represents a group of formula: -CYY'-, 

wherein Y and Y\ which may be the same or different, each represent a halogenated alkyl group, a hydrogen 
atom or an aryl group, or a fluorenylene group; FP , R2 R3, R* R5, R6 > r7 > and R 8 j wnjcn may be ^ e same 0 r different, 
each represent a hydrogen atom, a halogen atom, an alkyl group, a halogenated alkyl group, an allyl group or an aryl 
group; and Z represents an alkyl group, a halogenated alkyl group or an aryl group, 
in the presence of a catalyst system containing a transition metal compound. 

Brief Description of Drawings 

[0011] Figs. 1 to 20 each show the IR spectrum of the polymers obtained in Examples 1 to 20. 
Best Mode for Practicing Invention 

[0012] Of the groups represented by Y or Y' in formula (I), the halogenated alkyl group includes a trifluoromethyl 
group and a pentafluoroethyl group; and the aryl group includes a phenyl group, a tolyl group, and a pentafluorophenyl 
group. 

[0013] Of the groups and atoms represented by H\ R*. R3, R4 rs > R 6 ( R 7 ( and R 8 jn formula (I), the halogen atom 
includes a fluorine atom; the alkyl group include a methyl group and an ethyl group; the halogenated alkyl group includes 
a trifluoromethyl group and a pentafluoroethyl group; the allyl group includes a propenyl group; and the aryl group 
includes a phenyl group. 

[0014] Of the groups represented by 2 in -OSOgZ in formula (I), the alkyl group includes a methyl group and an ethyl 
group; the halogenated alkyl group includes a trifluoromethyl group; and the aryl group includes a phenyl group, a p- 
fluorophenyl group, and a p-tolyl group. 

[0015] X in formula (I) is preferably a group of formula: -C(CF 3 ) 2 -, a group of formula: 




or a fluorenylene group of formula: 




with the fluorenylene group being preferred. 

[0016] Examples of the phenylene-containing compounds represented by formula (I) are 2,2-bis(4-methylsulfony- 
loxyphenyl)hexafluoropropane, bis(4-methylsulfonyloxyphenyl )methane, bis(4-methylsulfonyloxyphenyl)diphenyl- 
methane, 2,2-bis(4-methylsulfonyloxy-3-methylphenyl)hexafluoropropoane l 2,2-bis(4-methylsulfonyloxy-3-propenyl- 
phenyl)hexafluoropropane, 2 r 2-bis(4-methyisulfonyloxy-3,5-dimethylphenyl)hexafluoropropane, 9,9-bis(4-methylsul- 
fonyloxyphenyl)fluorene, 9,9-bis(4-methylsulfonyloxy-3-methylphenyl)fluorene, 9 I 9-bis(4-methylsulfonyloxy- 
3,5-dimethylphenyl)fluorene, 9,9-bis(4-methylsulfonyloxy-3-propenylphenyl)fluorene, 9,9-bis(4-methylsuflonyloxy- 
3-phenylphenyl)fluorene, bis(4-methylsulfonyloxy-3-methylphenyl)diphenylmethane, bis(4-methylsulfonyloxy- 
3,5-dimethylphenyl)diphenylmethane, bis(4-methylsulfonyloxy-3-propenylphenyl)diphenylmethane, bis(4-methylsul- 
fonyloxy-3-fluorophenyl)diphenylmethane, bis(4-methylsulfonyloxy-3,5-difluorophenyl)diphenylmethane, 9,9-bis 
(4-methylsulfonyloxy-3-fluorophenyl)fluorene, 9,9-bis(4-methylsulfonyloxy-3,5-difluorophenyl)fluorene, bis(4-methyl- 
sutfonyloxyphenyl)methane, bis(4-methylsulfonyloxy-3-methylphenyl)methane, bis(4-methylsulfonyloxy-3,5-dimethyl- 
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phenyl)methane, bis(4-methylsu!fonyloxy-3-propenylphenyl)methane, bis(4-methylsulfonyioxyphenyl)trifluoromethyl- 
phenylmethane, bis(4-methylsuffonyloxyphenyl)phenylmethane, 2,2-bis(4-trifluoromethylsulfonyloxyphenyl)hex- 
afluoropropane, bis(4-trifluoromethylsutfony!oxyphenyl)methane, bis(4-trif!uoromethylsulfonyloxyphenyl)diphenyl- 
methane, 2 f 2-bis(4-trifluoromethylsulfony!oxy-3-methylphenyl)hexafluoropropane, 2,2-bis(4-trifluoromethylsutfony- 
loxy-3-propenylphenyl)hexaflfuoropropane, 2,2-bis(4-trifluoromethyIsulfonyloxy-3,5-dimethylphenyl)hexafluoropro- 
pane, 9 l 9-bis(4-trifluoromethylsulfonyloxyphenyl)fluorene, 9 ) 9-bis(4-trifluoromethylsulfonyloxy-3-methylphenyl)flu- 
orene, 9,9-bis(4-trifluoromethylsutfonyloxy-3,5-dimethylphenyl)fluorene J 9,9-bis(4-trtfluoromethylsulfonyloxy-3-prope- 
nylphenyl)fluorene, 9 t 9-bis(4-trifluoromethylsulfonyloxy-3-phenylphenyl)fluorene, bis(4-trifluoromethylsulfonyloxy- 
3-methylphenyl)djphenylmethane, bjs(4-trifluoromethylsulfonyloxy-3 r 5-dimethylphenyl)diphenylmethane l bis(4-trif- 
luoromethyIsulfonyloxy-3-propenylphenyl)diphenylmethane, bis (4-trifluoromethylsulfonyloxy-3-fluorophenyl)diphe- 
nylmethane, bis(4-trifluoromethylsulfonyloxy-3,5-difluorophenyl)diphenylmethane, 9,9-bis(4-trifluoromethylsulfony- 
loxy-3-fluorophenyl)fluorene, 9,9-bis(4-trifluoromethylsulfonyloxy-3,5-difluorophenyl)fluorene, bis(4-trifluoromethyl- 
sulfonyloxyphenyl)methane, bis(4-trifluoromethyisulfonyloxy-3-methy!phenyl)methane, bis(4-trifluoromethylsulfony- 
loxy-S.S-dimethylphenylJmethane, bis(4-trifluoromethylsulfonyloxy-3-propenylphenyl)methane l bis(44rifluoromethyl- 
sulfonyloxyphenyl)trifluoromethylphenylmethane, bis(4-trifluoromethylsulfonyloxyphenyl), 2,2-bis(4-phenylsulfony- 
loxyphenyl)hexafluoropropane, bis(4-phenylsulfonyloxyphenyl)methane, bis(4-phenylsulfonyloxyphenyl)diphenyl- 
methane, 2,2-bis(4-phenylsulfonyloxy-3-methytphenyl)hexafluoropropane, 2,2-bis(4-phenylsulfonyloxy-3-propenyl- 
phenyl)hexafluoropropane, 2,2-bis(4-phenylsulfonyloxy-3,5-dimethylphenyl)hexafluoropropane, 9,9-bis 
(4-phenylsu!fonyloxyphenyl)fluorene, 9,9-bis(4-phenylsulfonyloxy-3-methylphenyl)fluorene > 9,9-bis(4-pheny!sulfony- 
loxy-3,5-dimethylphenyl)fluorene, 9,9-bis(4-phenylsulfonyloxy-3-propenylphenyl)fluorene, 9,9-bis(4-phenylsulfony- 
loxy-3-phenylphenyl)fluorene, bis(4-phenylsuffonyloxy-3-methylphenyl)diphenylmethane, bis(4-phenylsulfony!oxy- 
3 t 5-dimethylphenyl)diphenylmethane, bis(4-phenylsulfonyloxy-3-propenylphenyl)diphenylmethane, bis(4-phenylsul- 
fonyloxy-3-fluorophenyl)diphenylmethane, bis(4-phenylsulfonyloxy-3,5-djfluorophenyl )diphenylmethane, 9,9-bis 
(4-phenylsu!fonyloxy-3-fluorophenyl)fluorene, 9,9-bis(4-phenylsutfonyloxy-3,5-dlfluorophenyl)fluorene l bis(4-phenyl- 
sulfonyloxyphenyl)methane, bis{4-phenylsulfonyloxy-3-methyiphenyl)methane, bis(4-phenylsulfonyloxy-3,5-dimethyl- 
pheny!)methane, bis(4-phenylsuffonyloxy-3-propenylphenyl)methane > bis(4-phenylsulfonyloxyphenyl)trifluoromethyl- 
phenylmethane, bis(4-phenylsulfonyloxyphenyl)pheny!methane t 2,2-bis(-p-tolylsulfonyloxyphenyl)hexafluoropro- 
poane, bisfp-tolylsulfonyloxyphenyOmethane, bis(p-tolylsulfonyloxypheny!)diphenytmethane, 2 t 2-bis(p-tolylsulfony- 
loxy-3-methylphenyl)hexafluoropropane ( 2,2-bis(p-tolylsutfonyloxy-3-propenylphenyl)hexafluoropropane, 2,2-bis(p- 
tolylsulfonyloxy-3 r 5-dimethylpheny()hexafluoropropane,9,9-bis(p-tolylsulfonyloxypheny^^^^ 

nyloxy-3-methylphenyl)fluorene, 9 r 9-bis(p-tolylsutfonyloxy-3,5-dimethylphenyl)fluorene, 9,9-bis(p-totylsutfonyloxy- 
3-propenylphenyl)fluorene, 9,9-bis(p-tolylsulfonyloxy-3-phenylphenyl)fluorene, bis(p-tolylsulfonyloxy-3-methylphenyl) 
diphenylmethane, bisfp-tolylsulfonyloxy-S.S-dimethylphenyOdiphenylmethane, bis(p-tolylsulfonyloxy-3-propenylphe- 
nyl)diphenylmethane, bis(p-tolylsulfonyloxy-3-fluorophenyl)diphenylmethane, bis(p-tolylsulfonyloxy-3,5-difluorophe- 
nyl)diphenytmethane, 9,9-bis(p-tolylsulfonyloxy-3-fluorophenyl)fluorene, Q^-blstp-tolylsulfonyloxy-S.S-dlfluorophenyl) 
fluorene, bis(p -to lylsu If onyloxyphenyl)m ethane, bis(p-tolylsulfonyloxy-3-methylphenyl)methane, bis(p-tolylsulfony- 
loxy-3 ( 5-dimethylphenyl)methane, bis(p-tolylsulfonyloxy-3-propenylphenyl)methane, bis(p-tolylsulfonyloxyphenyl)trif- 
luoromethylphenylmethane, and bis(p-tolylsulfonyloxyphenyl)phenylmethane. 

[0017] In the present invention, two or more compounds represented by formula (I) can be copolymerized. 
[0018] The compound of formula (I) is synthesized by, for example, the following process. 
[0019] A bisphenol compound (e.g., 2,2-bis(4-hydroxyphenyl)hexafluoropropane) and two or more equivalents of a 
base are dissolved in a solvent. Pyridine can serve as both a base and a solvent. If desired, a catalyst such as 4-dimeth- 
ylaminopyridine can be added. 

[0020] A sulfonic acid chloride (or anhydride) (e.g., methanesulfonic acid chloride) is added dropwise to the solution 
over a period of 5 to 60 minutes in a dry nitrogen stream while maintaining the solution below 1 5°C, followed by stirring 
at the same temperature for 0 to 60 minutes. The stirring is continued at room temperature for 0 to 24 hours to prepare 
a suspension. The resulting suspension is reprecipitated in 3 to 20 times as much ice-water as the suspension. The 
precipitate is collected and further purified by, for example, recrystallization to give bissulfonate compound crystals. 
[0021] Alternatively a bisphenol compound (e.g., 2,2-bis(4-hydroxyphenyl)hexafluoropropane) is dissolved in 2 
equivalents of an alkali aqueous solution, such as a sodium hydroxide aqueous solution. Separately, a sulfonic acid 
chloride (or anhydride) (e.g., methanesulfonic acid chloride) is dissolved in an organic solvent, such as toluene or 
chloroform. The two solutions are mixed and vigorously stirred in the presence of, if desired, a phase transfer catalyst, 
such as acetyltrimethylammonium chloride. The organic layer of the resulting reaction mixture is purified to yield a 
desired bissulfonate compound. 

[0022] The compound of formula (I) can be copolymerized with at least one compound selected from compounds 
represented by formulae (II) to (VI) shown below. 



EP0 956 312 B1 



R 9 r;io 




(II) 



wherein R 9 , R 10 , R 11 , and R 12 t which may be the same or different, each represent a hydrogen atom, a halogen atom, 
a hydroxy group or a monovalent organic group; and R 31 represents a halogen atom or a group of formula: -OSOgZ, 
is wherein Z represents an alkyl group, a halogenated alkyl group or an aryl group. 

[0023] Of the groups represented by R 31 in formula (II), the halogen atom includes a chlorine atom, a bromine atom 
and an iodine atom. 

[0024] Of the groups represented by Z in -OS0 2 Z in formula (II), the alkyl group includes a methyl group and an 
ethyl group; the halogenated alkyl group includes a trifluoromethyl group; and the aryl group includes a phenyl group, 

20 a p-fluorophenyl group, and a p-tolyl group. 

[0025] Of the atoms or groups as R 9 , R 10 , R 11 , and R 12 in formula (II), the halogen atom includes a fluorine atom, 
and the monovalent organic group includes an alkyl group, a halogenated alkyl group, an alkoxy group, an acetoxy 
group, a phenoxy group, and a benzoyl group. The organic group is effective in improving the solubility of the resulting 
polymer. It is preferred that R 9 , R 10 , R 11 , and R 12 be a monovalent reactive group or a precursor thereof, particularly 

25 be selected from the group consisting of a hydroxyl group, a carboxyl group, an allyl group, and an alkoxycarbonyloxy 
group. The reactive group precursor can be converted to a corresponding reactive group through an appropriate treat- 
ment following polymerization. Introduction of the reactive group into the polymer brings about improvements in solvent 
resistance and adhesion of the polymer. 

[0026] Where adjacent two of R 9 , R 10 , R 11 , and R 12 are each a carboxyl group, the two carboxyl groups can react 

30 to form an acid anhydride. 

[0027] Examples of the compounds represented by formula (II) include p-dichlorobenzene, p-dibromobenzene, p- 
diiodobenzene, p-dimethylsutfonyloxybenzene, 2,5-dichlorotoluene, 2,5-dibromotoluene, 2,5-diiodotoluene, 
2,5-dimethylsulfonyloxybenzene, 2,5-dichloro-p-xylene, 2,5-dibromo-p-xylene, 2,5-diiodo-p-xylene, 2,5-dichloroben- 
zotrif luoride, 2,5-dibromobenzotrifluoride, 2,5-diiodobenzotrifluoride, 1 ,4-dichloro-2,3,5,6-tetraf luorobenzene, 1 ,4-di- 

35 bromo-2,3,5,6-tetrafluorobenzene, 1 ,4-diiodo-2,3, 5, 6-tetraf luorobenzene, 2,5-dichlorobenzoic acid, 2,5-dibromoben- 
zoic acid, methyl 2,5-dichlorobenzoate, methyl 2,5-dibromobenzoate, t-butyl 2,5-dichlorobenzoate, t-butyl 2,5-dibro- 
mobenzoate, and 3,6-dichlorophthalic acid anhydride. p-Dichlorobenzene, p-dimethylsulfonyloxybenzene, 2,5-dichlo- 
rotoluene, and 2,5-dichlorobenzotrifluoride are preferred. 

40 
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50 

wherein R 9 , R 10 , R 11 , and R 12 , which may be the same or different, each represent a hydrogen atom, a halogen atom, 
a hydroxy group or a monovalent organic group; and R 32 represents a halogen atom or a group of formula: -OSOgZ, 
wherein Z represents an alkyl group, a halogenated alkyl group or an aryl group. 
55 [0028] Examples of the halogen atom and the monovalent organic group as R 9 , R 10 , R 11 , and R 12 and the alkyl, 
halogenated alkyl or aryl group in R 32 in formula (III) are the same as those enumerated as for formula (II). 
[0029] To have at least one monovalent reactive group or reactive group precursor as R 9 , R 10 , R 11 , and R 12 is pre- 
ferred for improving the adhesion of the polymer. 



5 
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[0030] Examples of the compounds represented by formula (III) are m-dichlorobenzene, m-dibromobenzene, m- 
diiodobenzene, m-dimethylsuffonyloxybenzene, 2,4-dichlorotoluene, 2,4-dibromotoluene, 2,4-diiodotoluene, 
3,5-dichlorotoluene, 3,5-dibromotoluene, 3,5-diiodotoIuene, 2,6-dichlorotoluene, 2,6-dibromotoluene, 2,6-diiodotolu- 
ene, 3,5-dimethylsulfonyIoxytoluene, 2,6-dimethylsulfonyloxytoluene, 2,4-dichlorobenzotrifluoride, 2,4-dibromobenzo- 
trifluoride, 2,4-diiodobenzotrifluoride, 3,5-dichlorobenzotrrfluoride, 3,5-dibromotrifluoride, 3,5-diiodobenzotrlfluoride, 
1 ,3-dibromo-2,4,5,6-tetrafluorobenzene, 2,4-dichlorobenzyl alcohol, 3,5-dichlorobenzyl alcohol, 2,4-dibromobenzyl al- 
cohol, 3,5-dibromobenzyl alcohol, 3,5-dichlorophenol, 3,5-dibromophenol, 3,5-dichloro-t-butoxycarbonyloxyphenyl, 
3,5-dibromo-t-butoxycart3onyloxyphe ac id j 
3,5-dibromobenzoic acid, methyl 2,4-dichiorobenzoate, methyl 3,5-dichlorobenzoate, methyl 3,5-dibromobenzoate, 
methyl 2,4-dibromobenzoate, t-butyl 2,4-dichlorobenzoate, t-butyl 3,5-dichlorobenzoate, t-butyl 2,4-dibromobenzoate, 
and t-butyl 3,5-dibromobenzoate. Preferred of them are m-dichlorobenzene, 2,4-dichlorotoluene, 3,5-dimethylsulfony- 
loxytoluene, and 2,4-dichlorobenzotrifluoride. 

[0031] Apart from the compounds represented by formula (II) or (III), o-dichlorobenzene, o-dibromobenzene, o-dii- 
odobenzene, o-dimethylsulfonyloxybenzene, 2,3-dichlorotoluene, 2,3-dibromotoluene, 2,3-diiodotoluene, 3,4-dichlo- 
rotoluene, 3,4-dibromotoluene, 3,4-diiodotoluene, 2,3-dimethylsulfonyloxybenzene, 3,4-dimethylsulfonyloxybenzene, 
3,4-dichlorobenzotrifluoride, 3,4-dibromobenzotrifluoride, 3,4-diiodobenzotrifluoride, 1 ,2-dibromo-3,4,5,6-tetrafluor- 
obenzene, 4,5-dichlorophthalic acid anhydride, etc. can also be used as a copolymerizable monomer. 



R 13 R 14 R 17 - R 18 




(IV) 



wherein R 21 and R 22 , which may be the same or different, each represent an alkyl group or an aryl group, provided 
that at least one of R 2 ^ and R 22 is an alkyl group; R™, R™, R« f r16 ( r17 ( R 19 ( and R 20 } whjch may be the same 
or different, each represent a hydrogen atom, a halogen atom or a monovalent organic group; and R 33 represents a 
halogen atom or a group of formula: -OSOgZ, wherein Z represents an alkyl group, a halogenated alkyl group or an 
aryl group. 

[0032] In formula (IV), the alkyl group as R 21 or R 22 includes a methyl group, an ethyl group, and a propyl group and 
the aryl group as R 21 or R 22 includes a phenyl group, a p-fluorophenyl group, and a p-tolyl group. As for R 13 , R™ R^ 
R 16 , R 17 , R 18 , R 19 , and R 20 , the halogen atom includes a fluorine atom; the monovalent organic group includes an 
alkyl group, e.g., methyl, ethyl or propyl, a halogenated alkyl group, e.g., trifluoromethyl or pentafluoroethyl, an aryl 
group, e.g., phenyl, and an alkenyl group, e.g., propylenyl. As for 2, the alkyl group includes a methyl group, an ethyl 
group, and a propyl group; the halogenated alkyl group includes a trifluoromethyl group and a pentafluoroethyl group; 
and the aryl group includes a phenyl group, a p-fluorophenyl group, and a p-tolyl group. 

[0033] Examples of the compounds represented by formula (IV) are 2,2-bis(4-methylsulfonyloxyphenyl)propane, 
2,2-bis(4-methylsulfonyloxy-3-methylphenyl)propane,2,2-bis(4-methylsulfonyloxy-3-propenylpheny0 
(4-methylsulfonyloxy-3,5-dimethylphenyl)propane, 2 T 2-bis(4-methylsulfonyloxy-3-fluorophenyl)propane, 2 t 2-bis 
(4-methylsulfonyloxy-3,5-difluorophenyl)propane, 2,2-bis(4-trifluoromethylsulfonyloxyphenyl)propane, 2,2-bis(4-trif- 
luoromethylsulfonyloxy-3-propenylphenyl)propane, 2,2-bis(4-phenylsulfonyloxyphenyl)propane, 2,2-bis(4-phenylsul- 
fonyloxy-3-methylphenyl)propane, 2,2-bis(4-phenylsulfonyloxy-3-propenylphenyl)propane, 2,2-bis(4-phenylsulfony- 
loxy-3,5-dimethylphenyl)propane, 2 f 2-bis(4-phenylsulfonyloxy-3-fluorophenyl)diphenylmethane, 2,2-bis(p-tolylsulfo- 
nyloxyphenyl)propane, 2,2-bis(p-tolylsulfonyloxy-3-methylphenyl)propane, 2,2-bis(p-tolylsulfonyloxy-3-propenylphe- 
nyl)propane, 2,2-bis(p-tolylsulfonyloxy-3,5-dimethylphenyl)propane, 2,2-bis(p-tolylsulfonyloxy-3-methylphenyl)pro- 
pane, 2 > 2-bis(p-tolylsulfonyloxy-3,5-dimethylphenyl)propane, 2,2-bis(p-tolylsulfonyloxy-3-propenylphenyl)propane, 
bis(p-tolylsulfonyloxy-3-fluorophenyl)propane, bis(p-tolylsulfonyloxy-3,5-difluorophenyl)propane, and 1 ,1-bis(4-meth- 
ylsulfonyloxyphenyl)-1-phenyiethane. 
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R13 , R 14 R 17 R 18 




wherein R 13 , R 14 , R 15 , R 16 , R 17 , R 18 , R 19 , and R20, which may be the same or different, each represent a hydrogen 
atom, a halogen atom, an alkyl group, a halogenated alkyl group or an aryl group; and R 34 represents a halogen atom 
or a group of formula: -OSOgZ, wherein Z represents an alkyl group, a halogenated alkyl group or an aryl group. 
[0034] Examples of the compounds represented by formula (V) include 4,4 , -dimethylsulfonyloxybiphenyl, 4,4-dibro- 
mobiphenyl, 4,4 , -diiodobiphenyl, 4 ) 4'-dimethylsulfonyloxy-3,3 , -dimethylbiphenyl, 4,4 , -dimethylsulfonyloxy-3,3 , -difluor- 
obiphenyl, and 4,4 , -dimethylsulfonyloxy-3 f 3 , ,5 ( 5 , -tetrafluorobiphenyl. 



R 23 R 24 R 27 R 28 




(VI) 



wherein R23, R2* r25 ( r26 ( r27 | R 28 } and R 30 eacn represent a hydrogen atom or an allyl group, provided that at 
least one of R 23 to R 30 is an allyl group; and R 34 represents a halogen atom or a group of formula: -OSOgZ, wherein 
2 represents an alkyl group, a halogenated alkyl group or an aryl group. 

[0035] Examples of the compounds represented by formula (VI) include 4,4'-dimethylsulfonyloxy-3,3 , -dipropenylbi- 
phenyl, and 3 l 3'-dipropenyl-4,4'-bis(4-fluorophenylsuifonyloxy)biphenyl. 

[0036] In the compounds represented by formulae (V) and (VI), the group R 34 is preferably present at the p-position. 
[0037] Where the compound of formula (I) is copolymerized with the compound of formula (II), the former is usually 
used in a proportion of 50 to 95 mol%, and the latter 5 to 50 mol%. 

[0038] Where the compound of formula (I) is copolymerized with the compound of formula (III), the former is usually 
used in a proportion of 50 to 95 mbl%, preferably 55 to 85 mol%, and the latter is usually used in a proportion of 5 to 
50 mol%, preferably 15 to 45 mol%. If the proportion of the compound of formula (HI) exceeds 50 mol%, disadvantages 
such that the resulting polymer has insufficient molecular weight tend to result. If it is less than 5 mol%, the resulting 
polymer tends to fail to have sufficient solvent resistance as intended. 

[0039] In copolymerizing the compound of formula (I) with the compound of formula (IV), the former is usually used 
in a proportion of 50 to 95 mol%, and the latter 5 to 50 mol%. If the proportion of the compound of formula (IV) exceeds 
50 mo!%, disadvantages such that the resulting polymer has insufficient molecular weight tend to result. If it is less 
than 5 mol%, the resulting polymer tends to fail to have sufficient solubility as intended or sufficient solvent resistance 
as intended. 

[0040] In copolymerizing the compound of formula (I) with the compound of formula (V), the former is usually used 
in a proportion of 75 to 95 mol%, preferably 80 to 95 mol%, and the latter is usually used in a proportion of 5 to 25 
mol%, preferably 5 to 20 mol%. If the proportion of the compound of formula (V) exceeds 25 mol%, disadvantages 
such that the resulting polymer has insufficient solubility can result. If it is less than 5 mol%, the resulting polymer tends 
to fail to have sufficient solvent resistance as intended. 



EP0 956 312B1 



[0041] In copolymerizing the compound of formula (I) with the compound of formula (VI), the former is usually used 
in a proportion of 50 to 95 mol%, preferably 60 to 95 mol%, and the latter is usually used in a proportion of 5 to 50 
mol%, preferably 5 to 40 mol%. If the proportion of the compound of formula (VI) exceeds 50 mol%, disadvantages 
such that the resulting polymer has insufficient molecular weight and solubility can result, tf it is less than 5 mol°/ 0j the 

5 resulting polymer tends to fail to have sufficient solvent resistance as intended. 

[0042] The catalyst system which can be used in the production of the phenylene-containing polymer of the present 
invention contains a transition metal compound. The catalyst system essentially comprises (1) a combination of a 
transition metal salt and a ligand or a transition metal (or salt) having a ligand coordinated thereto and (2) a reducing 
agent. The catalyst system may further contain a salt to increase the rate of polymerization. 

10 [0043] The transition metal salt includes nickel compounds, such as nickel chloride, nickel bromide, nickel iodide, 
and nickel acetylacetonate; palladium compounds, such as palladium chloride, palladium bromide, and palladium io- 
dide; iron compounds, such as iron chloride, iron bromide, and iron iodide; and cobalt compounds, such as cobalt 
chloride, cobalt bromide, and cobalt iodide. Preferred among them are nickel chloride and nickel bromide. 
[0044] The ligand includes triphenylphosphine, 2,2'-bipyridine, 1 ,5-cyclooctadiene, and 1 ,3-bis(diphenylphosphino) 

is propane, with triphenylphosphine and 2,2'-bipyridine being preferred. These ligands may be used either individually 
or as a combination of two or more thereof. 

[0045] The transition metal (or salt) having a ligand coordinated thereto includes di(triphenylphosphine)nickel chlo- 
ride, di(triphenylphosphine)nickel bromide, di(triphenylphosphine)nickel iodide, di(triphenylphosphine)nickel nitrate, 
2 f 2'-bipyridinenickel chloride, 2,2'-bipyridinenickel bromide, 2,2 , -bipyridinenickel iodide, 2,2 , -bipyridinenickel nitrate, 
20 bis(1,5-cyclooctadiene)nickel, tetrakis(triphenylphosphine)nickel, tetrakis(triphenylphosphite)nickel, and tetrakis 
(triphenylphosphine)palladium, with di(triphenylphosphine)nickel chloride and 2 t 2'-bipyridinenickel chloride being pre- 
ferred. 

[0046] The reducing agent to be used in the catalyst system of the present invention includes iron, zinc, manganese, 
aluminum, magnesium, sodium and calcium, with zinc and manganese being preferred. These reducing agents can 

25 be activated on contact with an acid or an organic acid. 

[0047] The salt which may be used in the catalyst system includes sodium compounds, such as sodium fluoride, 
sodium chloride, sodium bromide, sodium iodide, and sodium sulfate; potassium compounds, such as potassium flu- 
oride, potassium chloride, potassium bromide, potassium iodide, and potassium sulfate; and ammonium compounds, 
such as tetraethylammonium fluoride, tetraethylammonium chloride, tetraethylammonium bromide, tetraethylammoni- 

30 um iodide, and tetraethylammonium sulfate. Sodium bromide, sodium iodide, potassium bromide, tetraethylammonium 
bromide and tetraethylammonium iodide are preferred of them. 

[0048] The transition metal salt or transition metal (satt) having a ligand coordinated thereto is generally used in an 
amount of 0.0001 to 10 mol, preferably 0.01 to 5 mol, per mole of the compound of formula (I) or a monomer mixture 
of the compound of formula (I) and the compound represented by formulae (II) to (V) (hereinafter inclusively referred 

35 to as "the total monomer")- If the amount of the transition metal component is less than 0.0001 mol, the polymerization 
reaction does not proceed sufficiently. If it exceeds 10 mol, the molecular weight is reduced. 
[0049] Where a combination of the transition metal salt and the ligand is used, the ligand is usually used in an amount 
of 0.1 to 100 mol, preferably 1 to 10 mol, per mole of the transition metal salt. If the amount of the ligand is less than 
0.1 mol, the catalyst activity is insufficient. If it is more than 100 mol, the resulting polymer is difficult to purify. 

40 [0050] The reducing agent is usually used in an amount of 0.1 to 100 mol, preferably 1 to 10 mol, per mole of the 
. total monomer. If the amount of the reducing agent is less than 0,1 mol, the polymerization reaction does not proceed 
sufficiently. If it is more than 100 mol, the resulting polymer is difficult to purify. 

[0051] In using a salt in combination with the above essential components, the salt is usually used in an amount of 
0.001 to 100 mol, preferably 0.01 to 1 mol, per mole of the total monomer. If the amount is less than 0.001 mol, the 
45 effect in increasing the rate of polymerization is insufficient. If It exceeds 100 mol, the resulting polymer is difficult to 
purity. 

[0052] Polymerization solvents which can be used in the present invention include tetrahydrofuran, cyclohexanone, 
dimethyl sulfoxide, N,N-dimethylformamide, N,N-dimethytacetamide, 1 -methyl-2-pyrrolidone, y-butyrolactone, and y- 
butyrolactam. Tetrahydrofuran, N,N-dimethytformamide, N,N-dimethylacetamide, and 1 -methyl-2-pyrrolidone are pre- 
50 ferred. It is preferred for these solvents to be dried thoroughly before use. 

[0053] The total monomer concentration in the polymerization system is usually from 1 to 1 00% by weight, preferably 
5 to 40% by weight. 

[0054] The polymerization is usually carried out at a temperature of 0 to 200°C, preferably 50 to 90°C, for a period 
of 0.5 to 100 hours, preferably 1 to 40 hours. 
55 [0055] The phenylene-containing polymer obtained by the process of the present invention comprises not less than 
50 mol% of a repeating unit represented by formula (VII): 



6 



EP 0 956 312 B1 



R 1 R 2 R 5 





(VII) 



8 



wherein X represents a group of formula: -CYY'-, wherein Y and Y', which may be the same or different, each represent 
a hydrogen atom, a halogenated aikyl group or an aryl group, or a fluorenylene group; and R 1 , R 2 , R 3 , R 4 , R5, R6 } r7 j 
and R 8 , which may be the same or different, each represent a hydrogen atom, a halogen atom, an alky! group, a 
halogenated alky! group, an allyl group or an aryl group, and having a weight-average molecular weight of 1,000 to 
1 ,000,000 on polystyrene conversion. 

[0056] The phenyl en e-contain in g polymer of the present invention can consist solely of the repeating unit represented 
by formula (VII) (the unit content=1 00 mol%) or contain not more than 50 mol% of other repeating unrt(s) as described 
hereunder. 

[0057] Copolymerization of the compound of formula (I) and the compound of formulae (II) to (V) gives copolymers 
represented by formulae (VIII) to (X): 



wherein X represents a group of formula: -CYY'-, wherein Y and Y\ which may be the same or different, each represent 
a halogenated alkyl group, a hydrogen atom or an aryl group, or a fluorenylene group; and R 1 , R 2 , R3, r4 rs, R6 t r7 ( 
and R 8 , which may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyl group, a 
halogenated alkyl group, an allyl group or an aryl group; R 9 , R 10 , R 11 t and R 12 f which may be the same or different, 
each represent a hydrogen atom, a halogen atom, a hydroxy group or a monovalent organic group; and n and m each 
represent a mole fraction of 50 to 95 mol% and 5 to 50 mol%, respectively, making a total of 100 mol%. 



R 1 ' R 2 





R 



m 



(VIII) 
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(IX) 



wherein X represents a group of formula: -CYY'-, wherein Y and Y\ which may be the same or different, each represent 
a halogenated alkyl group, a hydrogen atom or an aryl group, or a fluorenylene group; and R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , 
and R 8 , which may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyl group, a 
halogenated-alkyl group, an allyl group or an aryl group; R 21 and R 22 , which may be the same or different, each 
represent an alkyl group or an aryl group, provided that at least one of R 21 and R 22 is an alkyl group; R 13 , R 14 , R 1 $, 
R 16 , R 17 , R 18 , R 19 , and R 20 , which may be the same or different, each represent a hydrogen atom, a halogen atom or 
a monovalent organic group; and n and 1 each represent a mole fraction of 50 to 95 mol% and 5 to 50 mol%, respectively, 
making a total of 1 00 mol%. 




wherein X represents a group of formula: -CYY'-, wherein Y and Y\ which may be the same or different, each represent 
a halogenated alkyl group, a hydrogen atom or an aryl group, or a fluorenylene group; and R 1 , R 2 R 3 , R 4 R5 } R6 > R7 f 
and R 8 , which may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyl group, a 
halogenated alkyl group, an allyl group or an aryl group; R 41 , R 42 , R 43 R 44 , R 4 ^ R 46 , R 47 , and R 48 , which may be the 
same or different, each represent a hydrogen atom, a halogen atom or a monovalent organic group; and n and p each 
represent a mole fraction of 50 to 95 mol% and 5 to 50 mol%, respectively, making a total of 100 mol%. 
[0058] In formulae (VII) to (X), it is preferred that X be -C(CF3) 2 -, 



CF3 
C— 




or 
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( f luorenylene group) 



[0059] The phenylene-containing (co)poiymer according to the present invention provides a film-forming material. 
The film-forming material of the present invention can be obtained by a method comprising melting the phenylene- 
containing (co)polymer in a powder form and-pressing or injection molding the molten potymer into film or a method 
comprising dissolving the phenylene-containing (co)polymer in a solvent, casting the polymer solution on a substrate 
or applying the solution to a substrate by spin coating, followed by baking to remove the solvent. 
[0060] The powdered phenylene-containing (co)polymer can be melted by heating the polymer to a temperature 
higher than the softening point usually by 10 to 250°C, preferably by 40 to 150°C. 

[0061] Suitable solvents for dissolving the phenylene-containing (co)polymer include tetrahydrofuran, cyclohex- 
anone, dimethyl sulfoxide, N.N-dimethylfomriamide, N.N-dimethyiacetamide, 1 -methyl-2-pyrrolidone, y-butyrolactone, 
ethylene glycol monomethyl ether, ethylene glycol dimethyl ether, ethylene glycol methyl ethyl ether, ethylene glycol 
monoethyl ether, methyl cellosolve acetate, ethyl cellosolve acetate, diethylene glycol monomethyl ether, diethylene 
glycol diethyl ether, diethylene glycol dimethyl ether, diethylene glycol ethyl methyl ether, diethylene glycol monoethyl 
ether, diethylene glycol monobutyl ether, propylene glycol methyl ether acetate, propylene glycol ethyl ether acetate, 
toluene, xylene, methyl ethyl ketone, methyl amyl ketone, 4-hydroxyl-4-methyl-2-pentanone, ethyl 2-hydroxypropion- 
ate, methyl 2-hydroxy-2-methyipropionate, ethyl 2-hydroxy-2-methytpropionate, ethyl ethoxyacetate, ethyl hydroxya- 
cetate, methyl 2-hydroxy-2-methylbutanoate, methyl 3-methoxypropionate, ethyl 3-methoxypropionate, methyl 
3-ethoxypropionate, ethyl 3-ethoxypropionate, ethyl acetate, butyl acetate, methyl lactate, ethyl lactate, chloroform, 
and methylene chloride. Preferred of them are cyclohexanone, N,N-dimethylacetamide, 1-methyl-2-pyrroIidone, ^bu- 
tyrolactone, ethyl 3-ethoxypropionate, ethyl lactate, propylene glycol monomethyl ether acetate, ethylene glycol mo- 
noethyl ether acetate, and methyl amyl ketone. 

[0062] The phenylene-containing (co)polymer is dissolved in the solvent in a concentration of 1 to 60% by weight, 
preferably 5 to 40% by weight. If the concentration is lower than 1% by weight, a film of sufficient thickness is hardly 
obtainable. If it is higher than 60% by weight, the solution hardly spreads, failing to provide a uniform film. 
[0063] If desired, additives can be incorporated into the phenylene-containing polymer having the repeating unit of 
formula (VII) or represented by formulae (VIII) to (X). Suitable additives include silane coupling agents, methylol mela- 
mine, and bonding aids and crosslinking agents such as triazene compounds. 

[0064] The phenylene-containing polymers produced by the process of the present invention are useful as an inter- 
layer dielectric film, a protective film, a low-reflective coating, an optical waveguide material, an anti reflection coating, 
a sealant, an alignment layer for liquid crystal display, a printed circuit board material, a gas-permeable film, and the 
like. They are particularly suited as an interiayer dielectric film and an optical material. 

Examples 

[0065] The present invention will now be illustrated in greater detail with reference to Examples, but it should be 
understood that the present invention is not limited thereto. Unless otherwise noted, all the percents and parts are by 
weight. In Examples measurements and evaluation were made as follows. 

1 ) Weight-Average Molecular Weight (Mw) 

[0066] Measured by gel-permeation chromatography (GPC) on polystyrene conversion. 

2) Temperature at 5% loss (Td 5 ) 

[0067] Measured by thermogravimetry at a rate of temperature rise of 10°C/min in a nitrogen atmosphere. 

3) Glass Transition Temperature (T g) 

[0068] Measured by differential scanning calorimetry at a rate of temperature rise of 20°C/min. 



11 



EP0 956 312B1 



4) Film-forming Properties 

[0069] A polymer was dissolved in cyclohexanone (or 1 -methyl -2-pyrro I i done in Example 19) at a concentration of 
20%. The solution was applied to a glass substrate by spin coating and baked at 80°C for 2 minutes, at 120°C for 2 
5 minutes, and finally at 1 60°C for 30 minutes (or 230°C for 30 minutes in Example 1 9). The appearance of the resulting 
coat was observed with the naked eye. 

5) Dielectric Constant 

w [0070] A coating film of a polymer was formed on a SUS substrate in the same manner as described in (4) above. 
A gold electrode was formed thereon by vacuum deposition through a mask to prepare a specimen for measurement 
of relative dielectric constant. The electrostatic capacity was measured with an LCR meter, from which the dielectric 
constant e was obtained through equation: 

15 

e = C-cI/e 0 .S 

wherein e is a dielectric constant; C is an electrostatic capacity; £<, is a unit dielectric constant in vacuo; and S is the 
area of the upper electrode at 1 MHz. 

20 

6) Volume Resistivity 

[0071] Measured in accordance with JIS K6911 , except for using a specimen prepared by applying a polymer to a 
SUS substrate. 

25 

7) Organic Solvent Solubility 

[0072] A powdered polymer was added to a test solvent in a concentration of 20%, and the dissolution behavior at 
23*C was observed with the naked eye. 

30 

Test solvent 
[0073] 

35 NMP: 1-Methyl-2-pyrrolidone 

CHN: Cyclohexanone 

PGMEA: Propylene glycol 1-monomethyl ether 2-acetate 
Standard of Evaluation 

40 

[0074] 

A Completely dissolved 
B Partly dissolved 
45 C Not dissolved 

8) Solvent Resistance 

[0075] A coating film prepared in Test Example hereinafter given was immersed in a test solvent at 23°C for 10 
so minutes, and any change in appearance was observed with the naked eye. 

Test Solvent 

[0076] 

55 

NMP: 1 -methyl-2-pyrroiidone 
DMSO: Dimethyl sulfoxide 

PGMEA: Propylene glycol 1-monomethyl ether 2-acetate 
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Standard of Evaluation 
[0077] 

A No change 

B Peeling and swelling 

C Dissolution 

Example 1 

[0078] In a 500 ml-volume three-necked flask equipped with a tube for introducing argon gas and a thermometer 
were charged 7.5 g of sodium iodide, 1 .3 g of anhydrous nickel chloride, 1 5.7 g of triphenylphosphine, 45.8 g of zinc 
powder activated with acetic acid, and 49.2 g of 2 t 2-bis(4-methylsulfonyloxyphenyl)hexafluoropropane. The mixture 
was dried in vacuo for 24 hours, and the flask was filled with argon gas. In the flask was put 150 ml of dry N,N- 
dimethylacetamide, and the mixture was stirred at 70°C in an argon stream, whereupon the reaction mixture turned 
brown. The reaction was continued at 70°C for 20 hours. The reaction mixture was poured into a mixture of 500 ml of 
36% hydrochloric acid and 2000 ml of methanol, and the precipitate formed was collected. 

[0079] The precipitate was suspended in chloroform and extracted with a 2N hydrochloric acid aqueous solution. 
The chloroform layer was poured into methanol , and the precipitate was collected and dried to obtain a white powdered 
polymer. The results of analysis and evaluation on the resulting polymer are shown In Table 2 below. 

Examples 2 to 1 1 

[0080] Polymers were produced in the same manner as in Example 1 , except for replacing the 2,2-bis(4-methylsul- 
fonyloxyphenyl)hexafluoropropane (49.2 g) with the monomer or monomers shown in Table 1 below. The results of 
analysis and evaluation on the resulting polymers are shown in Table 2. 

Examples 12 and 13 

[0081] Polymers were produced in the same manner as in Example 1 , except for replacing the 2,2-bis(4-methylsul- 
fonyloxyphenyl)hexafluoropropane (49.2 g) with the monomers shown in Table 1 below. 

[0082] Ten grams of the resulting copolymer were put in a 300 ml-volume egg-plant flask equipped with a reflux 
condenser and a stirrer, and 0.5 g of p-toluenesulfonic acid monohydrate and 220 g of toluene were added thereto, 
followed by stirring at 1 20°C for 3 hours. The reaction mixture was concentrated to about 50 ml. The concentrate was 
poured into methanol to re-precipitate to give a white powdered polymer having a hydroxy! group. The results of analysis 
and evaluation on the resulting copolymer are shown in Table 2. 

Example 14 

[0083] A polymer was produced in the same manner as in Example 1 , except for replacing the 2,2-bis(4-methylsul- 
fonyloxyphenyl)hexafiuoropropane (49.2 g) with the monomers shown in Table 1 below. 

[0084] In an egg-plant flask equipped with a stirrer were charged 10.9 g of potassium t-butoxide and 100 ml of 
dimethyl sulfoxide to prepare a uniform solution. To the solution was added 10 g of the resulting polymer, followed by 
stirring at B0°C for 4 hours. The reaction mixture was poured into a mixture of 250 ml of 0.5N hydrochloric acid and 
500 ml of methanol. The precipitate thus formed was collected, dissolved in 100 ml of chloroform, washed twice with 
2N hydrochloric acid and then once with pure water, and reprecipitated in methanol to obtain a white powdered polymer 
having a carboxyl group. The results of analysis and evaluation on the resulting polymer are shown in Table 2. 

Example 15 

[0085] In a 500 ml-volume three-necked flask equipped with a tube for introducing argon gas and a thermometer 
were charged 7.5 g of sodium iodide, 1 .3 g of anhydrous nickel chloride, 15.7 g of triphenylphosphine, 45.8 g of zinc 
powder activated with acetic acid, and 2,2-bis(4-methylsulfonyloxyphenyl)hexafluoropropane of the amount shown in 
Table 1 . The mixture was dried in vacuo for 24 hours, and the flask was filled with argon gas. In the flask was put 150 
ml of dry N,N-dimethylacetamide, and the mixture was stirred at 70°C in an argon stream, whereupon the reaction 
mixture turned brown. 2,4-Dichlorobenzotrifluoride in the amount shown in Table 1 was put in the flask by means of a 
syringe, and the reaction was continued at 70°C for 20 hours. The reaction mixture was poured into a mixture of 500 
ml of 36% hydrochloric acid and 2000 ml of methanol, and the precipitate formed was collected. 
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[0086] The precipitate was suspended in chloroform and extracted with a 2N hydrochloric acid aqueous solution. 
The chloroform layer was poured into acetone, and the precipitate was collected and dried to obtain a white powdered 
polymer. The results of analysis and evaluation on the resulting polymer are shown in Table 2 below. 

5 Examples 16 to 18 

[0087] Polymers were produced in the same manner as in Example 15, except for using the monomers shown in 
Table 1 . The results of analysis and evaluation on the resulting copolymers are shown in Table 2 below. 

10 Example 19 

[0088] In a 500 ml-volume three-necked flask equipped with a tube for introducing argon gas and a thermometer 
were charged 7.5 g of sodium iodide, 1 .3 g of anhydrous nickel chloride, 1 5.7 g of triphenylphosphine, 45.8 g of zinc 
powder activated with acetic acid, and 50.7 g of 9,9-bis(methylsulfonyloxypheny!)fluorene. The mixture was dried in 
15 vacuo for 24 hours, and the flask was filled with argon gas. In the flask was put 150 ml of dry N,N -dimethyl acetamide, 
and the mixture was stirred at 70°C in an argon stream, whereupon the reaction mixture turned brown. The reaction 
was continued at 70°C for 20 hours. The reaction mixture was poured into a mixture of 500 ml of 36% hydrochloric 
acid and 2000 ml of methanol, and the precipitate formed was collected. 

[0089] The precipitate was suspended in chloroform and extracted with a 2N hydrochloric acid aqueous solution. 
20 The chloroform layer was poured into acetone, and the precipitate was collected and dried to obtain a white powdered 
polymer. The results of analysis and evaluation on the resulting polymer are shown in Table 2 below. 

Example 20 

25 [0090] A polymer was produced in the same manner as in Example 1 9, except for replacing the 9,9-bis(methylsul- 
fonyloxyphenyl)fluorene (50.7 g) with the monomers shown in Table 1 . The results of analysis and evaluation on the 
resulting copolymers are shown in Table 2 below. 
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TABLE 2 



5 



10 



Example No. 


Mw 


Td 5 (°C) 


Tg (°C) 


e 


Solubility 


NMP 


cHN 


PGMEA 


1 


34700 


533 


251 


2.2 


A 


A 


A 


2 


16600 


511 


266 


2.3 


A 


A 


A 


3 


9600 


549 


234 


2.4 


A 


A 


A 


4 


25800 


505 


239 


2.3 


A 


A 


A 


5 


25200 


501 


230 


2.3 


A 


A 


A 


6 


20800 


470 




2.3 


A 


A 


A 


7 


28100 


521 


186 


2.4 


A 


A 


A 


8 


14400 


514 


198 


2.3 


A 


A 


A 


9 


15200 


502 


210 


2.3 


A 


A 


A 


10 


11800 


493 


205 


2.4 


A 


A 


A 


11 


43300 


517 


230 


2.3 


A 


A 


A 


12 


20500 


512 


242 


2.3 


A 


A 


A 


13 


25900 


510 


235 


2.4 


A 


A 


A 


1 A 


1 ^ouu 


O I I 


o*a*a 
4:00 


o o 
d.o 


A 


A 


A 


15 


20000 


517 


215 


2.2 


A 


A 


A 


16 


14400 


462 


183 


2.3 


A 


A 


A 


1 17 


23400 


567 


>350 


2.4 


A 


A 


C 


18 


25200 


553 


>350 


2.4 


A 


A 


C 


19 


21800 


576 


>350 


2.4 


A 


B 


C 


20 


20100 


563 


>350 


2.4 


A 


A 


C 



35 Note: * undetected. 



[0091 ] In all of Examples 1 to 20 the polymer had a volume resistivity of 1 0 16 Q.cm 2 or higher and showed satisfactory 
film-forming properties. 

40 9) IR Analysis 

[0092] The polymers obtained in Examples 1 to 20 were analyzed by IR absorption spectrum by KBr tablet method. 
The results obtained are shown in Figs. 1 through 20. 

45 Test Example 1 

[0093J A hundred parts of the polymer obtained in Example 6, 5 parts of 2,5-dimethyl-2,5-di(t-butyiperoxy)hexyn-3, 
and 1 part of 3-glyctdyloxypropyltrimethoxysilane were dissolved in 300 parts of propylene glycol 1 -monomethyl ether 
2-acetate. The resulting polymer composition was applied by spin coating onto a glass substrate to a thickness of 3 
so urn and baked at 80°C and then 120°C for 2 minutes each and finally baked in a nitrogen stream at 250°C for 30 
minutes to obtain a transparent coating film. The coating film was evaluated to obtain the results shown in Table 3 below. 

Test Example 2 

55 [0094] A hundred parts of the polymer obtained in Example 8, 40 parts of Cymel 300 (produced by Mitsui-Cytec, 
Ltd.), and 1 part of 3-glycidyloxypropyltrimethoxysilane were dissolved in 300 parts of propylene glycol 1 -monomethyl 
ether 2-acetate. The resulting polymer composition was applied by spin coating onto a glass substrate to a thickness 
of 3 urn and baked at 80°C and 1 20°C for 2 minutes each and finally at 230°C for 30 minutes to obtain a transparent 
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coating film. The coating film was evaluated to obtain the results shown in Table 3. 
Test Examples 3 to 8 

[0095] A coating film was prepared in the same manner as in Test Example 2, except for using the polymer shown 
in Table 3. The results of evaluation are shown in Table 3. 



TABLE 3 



Test Example No. 


Polymer 


Dielectric Constant 


Solvent Resistance 


NMP 


DMSO 


PGMEA 


1 


Ex.6 


2.4 


A 


A 


A 


2 


Ex. 8 


2.5 


A 


A 


A 


3 


Ex.9 


2.5 


A 


A 


A 


4 


Ex. 10 


2.5 


A 


A 


A 


5 


Ex. 11 


2.5 


A 


A 


A 


6 


Ex. 12 


2.5 


A 


A 


A 


7 


Ex. 13 


2.5 


A 


A 


A 


8 


Ex. 14 


2.5 


A 


A 


A 



Industrial Applicability 

[0096] In the present invention, a monomer prepared by sulfonating an economically available bisphenol compound 
is polymerized in the presence of a transition metal catalyst. There is produced through an economical process a 
polymer satisfying the requirements of heat resistance, low dielectric properties, and processability. Further, the poly- 
mer provides a highly transparent film. 

[0097] Where the above-mentioned monomer is copolymerized with a dihalo- or bissulfonate compound having a 
reactive functional group or a precursor thereof, copolymers exhibiting solvent resistance and adhesion in addition to 
the above characteristics can be obtained. 



Claims 

1. A process for producing a phenylene-containing polymer comprising polymerizing a monomer comprising not less 
than 50 mol% of a compound represented by formula (I): 



R 1 R 2 R 5 R 6 



zo 2 so 




wherein X represents a group of formula: -CYY-, wherein Y and Y', which may be the same or different, each 
represent a halogenated alky! group, a hydrogen atom or an aryl group, or a fluorenylene group; R 1 , R 2 , R 3 , R 4 , 
R 5 , R 6 , R 7 , and R 8 , which may be the same or different, each represent a hydrogen atom, a halogen atom, an 
alkyl group, a halogenated alky! group, an allyl group or an aryl group; and Z represents an alkyl group, a halo- 
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genated alkyl group or an aryl group, 

in the presence of a catalyst system containing a transition metal compound. 

The process according to claim 1 , wherein said monomer comprises 60 mol% or more of the compound represented 
by formula (I). 

The process according to claim 1 , wherein said monomer comprises 80 mol% or more of the compound represented 
by formula (I). 

The process according to claim 1 , wherein said monomer consists solely of the compound represented by formula 
(')• 

The process according to claim 1 , wherein said monomer comprises two or more kinds of the compound repre- 
sented by formula (I). 

The process according to claim 1 , wherein said monomer comprises 50 to 95 mol% of the compound represented 
by formula (I) and 5 to 50 mol% of a compound represented by formula (II): 



R9 RIO 




(II) 



wherein R 9 , R 10 , R 11 , and R 12 , which may be the same or different, each represent a hydrogen atom, a halogen 
atom, a hydroxy group or a monovalent organic group; and R 31 represents a halogen atom or a group of formula: 
-OSO2Z, wherein Z represents an alkyl group, a halogenated alkyl group or an aryl group. 

The process according to claim 6, wherein at least one of R 9 , R 10 , R 11 , and R 12 in formula (II) is a monovalent 
reactive group or a precursor thereof. 

The process according to claim 7, wherein said monovalent reactive group or a precursor thereof is selected from 
the group consisting of a hydroxyl group, a carboxyl group, an allyl group, and an alkoxycarbonyloxy group. 

The process according to claim 1 , wherein said monomer comprises 50 to 95 mot% of the compound represented 
by formula (I) and 5 to 50 mol% of a compound represented by formula (III): 




(III) 



wherein R 9 R 10 , R 11 , and R 12 , which may be the same or different, each represent a hydrogen atom, a halogen 
atom, a hydroxyl group or a monovalent organic group; and R 32 represents a halogen atom or a group of formula: 
-OSO2Z, wherein 2 represents an alkyl group, a halogenated alkyl group or an aryl group. 
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10. The process according to claim 9, wherein at least one of R 9 , R 10 , R 11 , and R 12 in formula (III) is a monovalent 
reactive group or a precursor thereof. 

1 1 . The process according to claim 1 0, wherein said monovalent reactive group or a precursor thereof is selected from 
the group consisting of a hydroxyl group, acarboxyl group, an allyl group, and an alkoxycarbonyloxy group. 

12. The process according to claim 1 , wherein said monomer comprises 50 to 95 mol% of the compound represented 
by formula (I) and 5 to 50 mol% of a compound represented by formula (IV): 



10 



15 



20 



33 




(IV) 



wherein R 21 and R 22 , which may be the same or different, each represent an alkyl group or an aryl group, provided 
that at least one of R 21 and R 22 is an alkyl group; R 13 r R u , R 15 , R 16 , R™ t R™, H™, and R 20 , which may be the 
same or different, each represent a hydrogen atom, a halogen atom or a monovalent organic group; and R 33 
25 represents a halogen atom or a group of formula: -OSO2Z, wherein 2 represents an alkyl group, a halogenated 

alkyl group or an aryl group. 

13. The process according to claim 1 , wherein said monomer comprises 75 to 95 mo(% of the compound represented 
by formula (I) and 5 to 25 mol% of a compound represented by formula (V): 

30 



35 



40 




wherein R 13 R u , R 15 , R 16 , R 17 , R 18 , R 19 , and R 20 , which may be the same or different, each represent a hydrogen 
atom, a halogen atom, an alkyl group, a halogenated alkyl group or an aryl group; and R 34 represents a group of 
formula: -OS0 2 Z, wherein Z represents an alkyl group, a halogenated alkyl group or an aryl group. 

14. The process according to claim 1 , wherein said monomer comprises 50 to 95 mol% of the compound represented 
by formula (I) and 5 to 50 mol% of a compound represented by formula (VI): 



55 
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R 23 R 24 R 27 R 28 

,w-, 

r»-L v '4_|p d_F M 




(VI) 



R 25 . R 26 R" 29 R 3 ° 



wherein R 23 , R 24 , R 25 , R 26 , R 27 R 2fi , R 29 , and R 30 each represent a hydrogen atom or an allyl group, provided 
that at least one of R 23 to R 30 is an alfyl group; and R 34 represents a halogen atom or a group of formula: -OSOgZ, 
wherein 2 represents an alkyl group, a halogenated alkyl group or an aryl group. 

15. The process according to any one of claims 1 to 14, wherein X is a group represented by formula: -C(CF 3 ) 2 -. 

16. The process according to any one of claims 1 to 14, wherein X is a group represented by formula: 



CF 3 



— C- 




17. The process according to any one of claims 1 to 14, wherein X is a fluorenylene group represented by formula: 




18. A film-forming material comprising a phenylene-containing polymer comprising not less than 50 mol% of a repeating 
unit represented by formula (VII): 




(VII) 



wherein X represents a group of formula: -CYY 1 -, wherein Y and Y\ which may be the same or different, each 
represent a hydrogen atom, a halogenated alkyl group or an aryl group, or a fluorenylene group; and R 1 , R 2 , R3, 
R 4 , R 5 ( R 6 , R 7 , and R 8 , which may be the same or different, each represent a hydrogen atom, a halogen atom, an 
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alkyl group, a halogenated alkyl group, an allyl group or an aryl group, 

and having a weight-average molecular weight of 1 ,000 to 1 ,000,000 on polystyrene conversion. 

19. The film-forming material according to claim 1 8, wherein X in formula (VII) is a fluorenylene group represented by 
formula: 




20. The film-forming material according to claim 18, wherein X in formula (VII) is a group represented by formula: 



CF3 




21. The film-forming material according to claim 18, wherein said polymer is represented by formula (VIII): 




(VIII) 



wherein X represents a group of formula: -CYY'-, wherein Y and Y', which may be the same or different, each 
represent a halogenated alkyl group, a hydrogen atom or an aryl group, or a fluorenylene group; and R 1 , R 2 t R 3 , 
R 4 , R 5 , R 6 , R 7 , and R B , which may be the same or different, each represent a hydrogen atom, a halogen atom, an 
alkyl group, a halogenated alkyl group, an allyl group or an aryl group; R 9 , R 10 , R 11 , and R 12 , which may be the 
same or different, each represent a hydrogen atom, a halogen atom, a hydroxy group, or a monovalent organic 
group; and n and m each represent a mole fraction of 50 to 95 mol% and 5 to 50 mol%, respectively, making a 
total of 100 mol%, 

and has a weight-average molecular weight of 1 ,000 to 1 ,000,000 on polystyrene conversion. 

22. The film-forming material according to claim 21 , wherein at least one of R 9 , R 10 , RH, and R^ 2 is a monovalent 
reactive group or a precursor thereof. 

23. The film-forming material according to claim 22, wherein said monovalent reactive group or a precursor thereof is 
selected from the group consisting of a hydroxyl group, a carboxyl group, an allyl group, and an alkoxycarbonyloxy 
group. 

24. The film-forming material according to claim 18, wherein said polymer is represented by formula (IX): 
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5 



10 




(IX) 



wherein X represents a group of formula: -CYY'-, wherein Y and Y\ which may be the same or different, each 
is represent a halogenated alkyl group, a hydrogen atom or an aryl group, or a fluorenylene group; and R 1 , R 2 , R 3 , 

R 4 R 5 , R 6 , R 7 , and R 8 , which may be the same or different, each represent a hydrogen atom, a halogen atom, an 
alkyl group, a halogenated alkyl group, an allyl group or an aryl group; R 21 and R 22 which may be the same or 
different, each represent an alkyl group or an aryl group, provided that at least one of R 21 and R 22 is an alkyl group; 
R 13 , R 14 , R 15 , R 16 , R 17 , R 18 , R 19 , and R 20 , which may be the same or different, each represent a hydrogen atom, 
20 a halogen atom or a monovalent organic group; and n and 1 each represent a mole fraction of 50 to 95 mol% and 

5 to 50 mol%, respectively, making a total of 100 mol%, 

and has a weight-average molecular weight of 1 ,000 to 1 ,000,000 on polystyrene conversion. 
25. The film-forming material according to claim 18, wherein said polymer is represented by formula (X): 

25 




wherein X represents a group of formula: -CYY 1 -, wherein Y and Y\ which may be the same or different, each 
represent a halogenated alkyl group, a hydrogen atom or an aryl group, or a fluorenylene group; and R 41 , R 42 
R 43 R 44 R 45 , R 46 , R 47 , and R 48 , which may be the same or different, each represent a hydrogen atom, a halogen 
atom, an alkyl group, a halogenated alkyl group, an allyl group or an aryl group; R 13 R* 4 R« Rie, pie, r19 
and R 20 , which may be the same or different, each represent a hydrogen atom, a halogen atom or a monovalent 
organic group; and n and p each represent a mole fraction of 50 to 95 mol% and 5 to 50 mol%, respectively, making 
a total of 1 00 mol%, 

and has a weight-average molecular weight of 1 ,000 to 1 ,000,000 on polystyrene conversion. 

26. An electrically insulating material comprising the film-forming material according to any one of claims 18 to 25. 

27. An optical material comprising the film-forming material according to any one of claims 1 8 to 25. 



PatentansprOche 

1. Verfahren zur Herstellung eines Phenylen-enthaltenden Polymers, bei dem ein Monomer, das nicht weniger als 
50 Mol-% einer Verbindung der Formel (I) 
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zo 2 so — J— X — 1_ 



OS0 2 2 



(I) 



R- 



umfasst, worin X eine Gruppe der Formel -CYY'- bedeutet, worin Y und Y\ die gleich oder unterschiedlich sein 
konnen, jeweils eine halogenierte Alkylgruppe, ein Wasserstoffatom oder eine Arylgruppe Oder eine Ftuorenylen- 
gruppe bedeutet; R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 und R 8 , die gleich oder unterschiedlich sein konnen, jeweils ein Was- 
serstoffatom, ein Halogenatom, eine Alkylgruppe, eine halogenierte Alkylgruppe, eine Allylgruppe oder eine Aryl- 
gruppe bedeuten und Z eine Alkylgruppe, eine halogenierte Alkylgruppe oder eine Arylgruppe bedeutet, in Ge- 
genwart eines Katalysatorsystems, das eine Ubergangsmetallverbindung enthalt, polymerisiert wird. 

Verfahren nach Anspruch 1 , worin das Monomer 60 Mol-% oder mehr der Verbindung, die durch Formel (I) dar- 
gestellt 1st, umfasst. 

Verfahren nach Anspruch 1, worin das Monomer 80 Mol-% der Verbindung, die durch Formel (I) dargestellt ist, 
umfasst. 

Verfahren nach Anspruch 1, worin das Monomer nur aus der Verbindung, die durch Formel (I) dargestellt ist, 
besteht. 

Verfahren nach Anspruch 1 , worin das Monomer zwei oder mehr Arten der Verbindung, die durch Formel (I) dar- 
gestellt ist, umfasst. 

Verfahren nach Anspruch 1, worin das Monomer 50 bis 95 Mol-% der Verbindung, die durch Formel (I) dargestellt 
ist und 5 bis 50 Mol-%,einer Verbindung, die durch Formel (II) dargestellt ist: 



R9 RIO 




(II) 



umfasst, worin R 9 , R 10 , R 11 und R 12 , die gleich oder unterschiedlich sein konnen, jeweils ein Wasserstoffatom, 
ein Halogenatom, eine Hydroxylgruppe oder eine einwertige organische Gruppe bedeuten und R 31 ein Halogena- 
tom oder eine Gruppe der Formel: -OSOgZ, worin 2 eine Alkylgruppe, eine halogenierte Alkylgruppe oder eine 
Arylgruppe bedeutet, darstellt. 

Verfahren nach Anspruch 6, worin mindestens ein Rest von R 9 , R 10 , RH und R 12 in Formel (II) eine einwertige 
reaktive Gruppe oder ein Vorlaufer davon ist. 

Verfahren nach Anspruch 7, worin die einwertige reaktive Gruppe oder ein Vorlaufer davon aus der Gruppe Hy- 
droxylgruppe, Carboxylgruppe, Allylgruppe und Alkoxycarbonyloxygruppe gewahlt ist. 

Verfahren nach Anspruch 1 , worin das Monomer 50 bis 95 Mol-% der Verbindung, die durch Formel (I) dargestellt 
ist und 5 bis 50 Mol-% einer Verbindung, die durch die Formel (III) dargestellt ist: 
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5 




(HI) 



umfasst, worin R 9 , R 10 , R 11 und R 12 , die gleich Oder unterschiedlich sein konnen, jeweils ein Wasserstoffatom, 
ein Halogenatom, eine Hydroxylgruppe Oder eine einwertige organische Gruppe bedeuten und R 32 ein Halogena- 
tom oder eine Gruppe der Formel -OSOgZ bedeutet, worin Z eine Alkylgruppe, eine halogenierte Alkylgruppe oder 
*s eine Arylgruppe bedeutet. 

10. Verfahren nach Anspruch 9, worin mindestens ein Rest von R 9 , R 10 , R 11 und R 12 in Formel (III) eine einwertige 
reaktive Gruppe oder ein Vorlaufer davon ist. 

20 11. Verfahren nach Anspruch 1 0, worin die einwertige reaktive Gruppe oder ein Vorlaufer davon aus der Gruppe Hy- 
droxylgruppe, Carboxylgruppe, Allylgruppe und Alkoxycarbonyloxygruppe gewahtt ist. 

12. Verfahren nach Anspruch 1 , worin das Monomer 50 bis 95 Mol-% der Verbindung, die durch Formel (I) dargestelit 
ist und 5 bis 50 Mol-% einer Verbindung, die durch die Formel (IV) dargestelit ist; 

25 



30 



35 




(IV) 



umfasst, worin R 21 und R 22 , die gleich oder unterschiedlich sein konnen, jeweils eine Alkylgruppe Oder eine Aryl- 
gruppe bedeuten, mlt der MaBgabe, dass mindestens ein Rest von R 21 und R 22 eine Alkylgruppe ist; R 13 , R 14 , 
R 15 , R 16 , R 17 , R 18 , R 19 und R 20 , die gleich oder unterschiedlich sein konnen, jeweils ein Wasserstoffatom, ein 
40 Halogenatom oder eine einwertige organische Gruppe bedeuten und R 33 ein Halogenatom oder eine Gruppe der 

Formel-OSOgZ bedeutet, worin Z eine Alkylgruppe, eine halogenierte Alkylgruppe oder eine Arylgruppe bedeutet. 

13. Verfahren nach Anspruch 1 , worin das Monomer 75 bis 95 Mol-% der Verbindung, die durch Formel (I) dargestelit 
ist und 5 bis 25 Mol-% einer Verbindung, die durch Formel (V) dargestelit ist: 

45 



R 13 . R 14 R 17 Ris 




umfasst, worin R 13 , R", R 15 , R 1 ®, R17, R18 ( R19 und R 2o > dje gle j C h oder unterschiedlich sein konnen, jeweils ein 
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Wasserstoffatom, ein Halogenatom, eine Alkylgruppe, eine halogenierte Alkylgruppe Oder eine Arylgruppe bedeu- 
ten und R 34 eine Gruppe der Formel -OSO2Z bedeutet, worin Z eine Alkylgruppe, eine halogenierte Alkylgruppe 
Oder eine Arylgruppe bedeutet. 

14. Verfahren nach Anspruch 1, worin das Monomer 50 bis 95 Mol-% der Verbindung, die durch Formel (I) dargestellt 
und 5 bis 50 Mol-% einer Verbindung, die durch die Formel (VI) dargestellt ist: 




(VI) 



umfasst, worin R 23 , R 24 R 25 , R 26 , R 27 , R 28 , R 29 und R 30 , jeweils ein Wasserstoffatom oder eine Allylgruppe be- 
deuten, mit der MaBgabe, dass mindestens ein Rest von R 23 bis R 30 eine Allylgruppe ist und R 34 ein Halogenatom 
oder eine Gruppe der Formel -OS0 2 Z bedeutet, worin Z eine Alkylgruppe, eine halogenierte Alkylgruppe oder eine 
Arylgruppe bedeutet. 

15. Verfahren nach einem der Anspruche 1 bis 14, worin X eine Gruppe bedeutet, die durch die Formel -C(CF 3 ) 2 - 
dargestellt ist. 

16. Verfahren nach einem der Anspruche 1 bis 14, worin X eine Gruppe ist, die durch die Formel: 



CF 3 
I 

• — C— 




dargestellt ist. 

17. Verfahren nach einem der Anspruche 1 bis 14, worin X eine Fluorenylengruppe ist, die durch die Formel: 




dargestellt ist. 

18. Filmbildendes Material, das ein Phenylen-enthattendes Polymer umfasst, das nicht weniger als 50 Mol-% einer 
Wiederholungseinheit, die durch Formel (XII) dargestellt ist: 
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10 



R 1 R 2 F 5 R 



r 3 r 4 r X ; 



(VII) 



15 



20 



umfasst, worin X eine Gruppe der Formel -CYY'- darstellt, worin Y und Y\ die gleich oder unterschiedlich sein 
konnen, jeweils ein Wasserstoffatom, eine halogenierte Alkylgruppe oder eine Arylgruppe oder eine Fluorenylen- 
gruppe bedeuten; R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 und R8, die gleich oder unterschiedlich sein konnen, jeweils ein 
Wasserstoffatom, ein Halogenatom, eine Alkylgruppe, eine halogenierte Alkylgruppe, eine Allylgnjppe oder eine 
Arylgruppe bedeuten 

und ein gewichtsmittleres Moiekulargewicht von 1.000 bis 1.000.000 auf Polystyroiumwandlung aufweist. 
19. Filmbildendes Material nach Anspruch 18, worin X in Formel (VII) eine Fluorenylengruppe ist, die durch Formel: 



25 



30 




35 



dargestellt ist. 

20. Filmbildendes Material nach Anspruch 18, worin X in Formel (VII) eine Gruppe ist, die durch Formel: 



40 



45 




dargestellt ist. 

so 21. Filmbildendes Material nach Anspruch 18, worin das Polymer durch Formel (VIII) dargestellt ist: 



55 
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10 




(VIII) 



15 



20 



worin X eine Gruppe der Formel: -CYV- darstellt, worin Y und Y\ die gleich Oder unterschiedlich sein konnen, 
jeweils eine halogenierte Alkylgruppe, ein Wasserstoffatom Oder eine Arylgruppe Oder eine Fluorenylengruppe 
bedeuten; R 1 , R 2 , R 3 R 4 , R 5 , R 6 , R 7 und R 8 , die gleich oder unterschiedlich sein konnen, jeweils ein Wasser- 
stoffatom, ein Halogenatom, eine Alkylgruppe, eine halogenierte Alkylgruppe, eine Allylgruppe oder eine Arylgrup- 
pe bedeuten; R 9 , R 10 , R 11 und R 12 , die gleich oder unterschiedlich sein konnen, jeweils ein Wasserstoffatom, eine 
Halogenatom, eine Hydroxylgruppe oder eine einwertige organische Gruppe bedeuten und n und m jeweils eine 
Molfraktion mit 50 bis 95 Mol-% bzw. 5 bis 50 Mol-% bedeuten, wobei insgesamt 100 Mol-% herauskommen, und 
ein gewichtsmittleres Molekulargewicht von 1 .000 bis 1 .000.000 auf Polystyrolwandlung aufweist. 

22. Filmbildendes Material nach Anspruch 21 , worin mindestens ein Rest von R 9 , R 10 , R" und R 12 eine einwertige 
reaktive Gruppe oder ein Vorlaufer davon ist. 
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23. Filmbildendes Material nach Anspruch 22, worin die einwertige reaktive Gruppe oder ein Vorlaufer davon aus der 
Gruppe Hydroxylgruppe, Carboxylgruppe, Allylgruppe und Alkoxycarbonyloxy gruppe gewahlt ist. 

24. Filmbildendes Material nach Anspruch 18, worin das Polymer durch Formel (IX) dargestellt ist: 
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K 13 R 14 R 17 R 18 



yje /n \ yj? * 22 K 
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(IX) 
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worin X eine Gruppe der Formel: -CYV- darstellt, worin Y und Y\ die gleich Oder unterschiedlich sein konnen, 
jeweils eine halogenierte Alkylgruppe, ein Wasserstoffatom oder eine Arylgruppe oder eine Fluorenylengruppe 
bedeuten; R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 und R 8 , die gleich oder unterschiedlich sein konnen, jeweils ein Wasser- 
stoffatom, ein Halogenatom, eine Alkylgruppe, eine halogenierte Alkylgruppe, eine Allylgruppe oder eine Arylgrup- 
pe bedeuten; R 21 und R 22 , die gleich oder unterschiedlich sein konnen, jeweils eine Alkylgruppe oder eine Aryl- 
gruppe bedeuten, mit der MaBgabe, dass mindestens ein Rest von R 21 und R 22 eine Alkylgruppe ist; R 13 , R u , 
R 15 , R 16 , R 17 , R 18 , R 19 und R 20 , die gleich oder unterschiedlich sein konnen, jeweils ein Wasserstoffatom, ein 
Halogenatom oder eine einwertige organische Gruppe bedeuten; und n und 1 jeweils eine Molfraktion mit 50 bis 
95 Mol-% bzw. 5 bis 50 Mol-% bedeuten, wobei insgesamt 100 Mol-% herauskommen, 
und ein gewichtsmittleres Molekulargewicht von 1 .000 bis 1 .000.000 auf Polystyrolumwandlung aufweist. 



25. Filmbildendes Material nach Anspruch 18, worin das Polymer durch Formel (X) dargestellt ist: 
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R 42 R 45 r -46 



R 43,,. R 44 R 47 




(X) 



r5 
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worin X eine Gruppe der Formel: -CYY'- darstellt, worin Y und Y\ die gleich oder unterschiedlich sein konnen, 
jeweils eine halogenierte Alkylgruppe, ein Wasserstoffatom Oder eine Arylgruppe Oder eine Fluorenylen gruppe 
bedeuten; und R 41 , R 42 , R**, r44, r45 > r47 und pa dje g | ejch oder un terschiedlich sein konnen, jeweils ein 
Wasserstoffatom, ein Halogenatom, eine Alkylgruppe, eine halogenierte Alkylgruppe, eine Allylgruppe oder eine 
Arylgruppe bedeuten; R« R1* R15, R16, r^ R ia f R 19 und R 20 f dle gleich oder unterschiedlich sein konnen, 
jeweils ein Wasserstoffatom, ein Halogenatom oder eine einwertige organische Gruppe bedeuten und n und p 
jeweils eine Molfraktion mit 50 bis 95 Mol-% bzw. 5 bis 50 Mol-% bedeuten, wobei insgesamt 1 00 Mol-% heraus- 
kommen, 

und ein gewichtsmittleres Molekulargewicht von 1.000 bis 1.000.000 auf Polystyrolumwandlung aufweist. 

26. Elektrisch isolierendes Material, das das fiimbildende Material nach einem der Anspruche 18 bis 25 umfasst. 

27. Optisches Material, das das fiimbildende Material nach einem der Anspruche 18 bis 25 umfasst. 
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Revendicatlons 

1 . Procede pour la production d'un polymere contenant un groupe phenylene comprenant la polymerisation d'un 
monomere comprenant pas moins de 50% en moles d'un compose represents par la f ormule (I): 



35 



zo 2 so 




R^R 4 



OSOjZ (I) 
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40 dans laquelle X represente un groupe de formule: -CYY'-, dans laquelle Y et Y\ qui peuvent §tre identiques ou 

differents, representent chacun un groupe alkyle halogen^, un atome d'hydrogene ou un groupe aryle, ou un 
groupe fluorenylene; R1, R2 R 3 , R 4 , R5, R 6 | R 7 et R 8 j quj peU vent etre identiques ou differents, representent 
chacun un atome d'hydrogene, un atome d'haiogene, un groupe alkyle, un groupe alkyle halogene, un groupe 
allyle ou un groupe aryle; et Z represente un groupe allcyle, un groupe alkyle halogene ou un groupe aryle, 
en presence d'un systeme catalytique contenant un compose d'un metal de transition. 

2. Procede selon la revendication 1, dans lequel ledit monomere comprend 60% en moles ou plus du compose 
represente par la formule (I). 

so 3. Procede selon la revendication I, dans lequel ledit monomere comprend 80% en moles ou plus du compose re- 
presente par la formule (I). 

4. Procede selon la revendication 1 , dans lequel ledit monomere est constrtue uniquement du compose represente 
par la formule (I). 
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5. Procede selon la revendication 1 , dans lequel ledit monomere comprend au moins deux types de compose repre- 
sente par la formule (I). 
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6. Proc6d6 selon la revendication 1 , dans lequet ledrt monomere comprend de 50 a 95% en moles du compose 
represents par la formule (I) et de 5 a 50% en moles d'un compose represente par la formule (II): 



10 




dans laquelle R 9 , R 10 , R 11 et R 12 , qui peuvent etre identlques ou differents, representent chacun un atome d'hy- 
drogene, un atome d'halogene, un groupe hydroxy ou un groupe organique monovalent; et R 31 represente un 
atome d'halogene ou un groupe de formule: -OSO^, dans laquelle Z represente un groupe alkyle, un groupe 
alkyle halogene ou un groupe aryle. 



7. Procede selon la revendication 6, dans lequel au moins un des groupes R 9 , R™, rh e t R12 dans la formule (II) 
est un groupe reactif monovalent ou un de ses precurseurs. 

20 

8. Procede selon la revendication 7, dans lequel (edit groupe reactif monovalent ou un de ses precurseurs est choisi 
dans le groupe constitue par un groupe hydroxy, un groupe carboxyle, un groupe allyle et un groupe alcoxycar- 
bonyloxy. 

25 9. Procede selon la revendication 1 , dans lequel ledit monomere comprend de 50 a 95% en moles du compose 
represente par la formule (I) et de 5 a 50% en moles d'un compose represente par la formule (III): 
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dans laquelle R 9 , R 10 , R M et R 12 , q U j peuvent etre identiques ou differents, representent chacun un atome d'hy- 
drogene, un atome d'halogene, un groupe hydroxy ou un groupe organique monovalent; et R 32 represente un 
atome d'halogene ou un groupe de formule: -OSOgZ, dans laquelle Z represente un groupe alkyle, un groupe 
alkyle halogene ou un groupe aryle. 

40 

10. Procede selon la revendication 9, dans lequel au moins un des groupes R 9 , R 10 , R11 et R 12 dans ta formule (III) 
est un groupe reactif monovalent ou un de ses precurseurs. 

1 1 . ProcSde selon la revendication 1 0, dans lequel ledit groupe reactif monovalent ou un de ses precurseurs est choisi 
^ clans le groupe constitue par un groupe hydroxy, un groupe carboxyle, un groupe allyle et un groupe alcoxycar- 

bonyloxy. 



12. Proc6de selon la revendication 1, dans lequel ledit monomere comprend de 50 a 95% en moles du compose 
represente par la formule (I) et de 5 a 50% en moles d'un compost represents par la formule (IV): 

50 
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dans laquelle R 21 et R 22 , qui peuvent etre identiques ou diffSrents, representent chacun un groupe alkyle ou un 
groupe aryle, a condition qu'au moins un des R 21 et R 22 soit un groupe alkyle; R 13 , R 14 , R 15 , R 16 , R 17 R™ r19 
et R 20 , qui peuvent etre identiques ou diffSrents, representent chacun un atome d'hydrogene, un atome d'halogene 
ou un groupe organique monovalent; et R 33 reprSsente un atome d'halogene ou un groupe de formule: -OSOgZ, 
5 dans laquelle 2 represente un groupe alkyle, un groupe alkyle halogene ou un groupe aryle. 

13. ProcSdS selon la revendication 1, dans lequel (edit monomere comprend de 75 a 95% en moles du compose 
represente par la formule (I) et de 5 a 25% en moles d'un compose represents par la formule (V); 

w 
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dans laquelle R^ 3 , R 14 , R 15 , R 16 , R 17 , R 18 , R 19 et.R 20 , qui peuvent etre identiques ou diffSrents, representent 
chacun un atome d'hydrogene, un atome d'halogene, un groupe alkyle, un groupe alkyle halogens ou un groupe 
20 aryle; et R 34 represente un groupe de formule: -OSOgZ, dans laquelle Z represente un groupe alkyle, un groupe 

alkyle halogSnS ou un groupe aryle. 

14. ProcSdS selon la revendication 1, dans lequel ledit monomere comprend de 50 a 95% en moles du compost 
represents par la formule (I) et de 5 a 50% en moles d'un composS represents par la formule (VI): 

25 
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dans laquelle R 23 , R 24 , R 25 , R 2 *, R 27 , R 2 e R29 e t R 30 representent chacun un atome d'hydrogene ou un groupe 
allyle, a condition qu'au moins un des groupes R 23 a Resort un groupe allyle; et R 34 reprSsente un atome d'haloge- 
ne ou un groupe de formule: -OSOgZ, dans laquelle Z represente un groupe alkyle, un groupe alkyle halog6n6 ou 
un groupe aryle. 

15. Procede selon I'une quelconque des revendications 1 a 14, dans lequel X est un groupe reprSsentS par la formule • 
-C(CF 3 ) r . 

1 6. Procede selon I'une quelconque des revendications 1 a 1 4, dans lequel X est un groupe represente par la formule: 
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17. Procede selon I'une quelconque des revendications 1 a 14, dans lequel X est un groupe fluorenylene represents 
par la formule: 
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18. Materiau filmogene comprenant un polymere contenant un groupe phenylene comprenant pas moins de 50% en 
moles d'un motif repetitif represents par la formule (VII): 



15 



R' R 2 R 6 



(vn) 
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dans laquelle X represente un groupe de formule: -CYY'-, dans laquelle Y et Y', qui peuvent etre identiques ou 
differents, representent chacun un atome d'hydrogene, un groupe alkyle halogens ou un groupe aryle, ou un 
groupe fluorSnylene; et R1, R2, R3, R 4 , R5, rb, R7 e t R8, qui peuvent dtre identiques ou differents, representent 
chacun un atome d'hydrogene, un atome d'halogene, un groupe alkyle, un groupe alkyle halog§ne\ un groupe 
allyle ou un groupe aryle, 

et presentant une masse moleculaire moyenne en poids comprise entre 1 000 et 1 000 000 sur la base d'une 
conversion en polystyrene. 



19. Materiau flmogene selon la revendication 18, dans lequel X dans la formule (VII) est un groupe fluor6nylene re- 
presents par la formule: 



30 
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20. Materiau filmogene selon la revendication 1 8, dans lequel X dans la formule (VII) est un groupe represente par la 
formule: 



40 



45 
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21. Materiau filmogene selon la revendication 18, dans lequel ledit polymere est represente par la formule (VIII): 
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R 3 R 4 R 7 R 8 n R u R 12 
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dans laquelle X represente un groupe de formule: -CYY\ dans laquelle Y et Y\ qui peuvent etre identiques ou 
differents, representent chacun un groupe alkyle halogene, un atome d'hydrogene ou un groupe aryle, ou un 
groupe fluorenylene; et R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 et R 8 , qui peuvent etre identiques ou differents, representent 
chacun un atome d'hydrogene, un atome d'halogene, un groupe alkyle, un groupe alkyle halogene, un groupe 
allyle ou un groupe aryle; R 9 , R 10 , R" et R 12 , qui peuvent etre identiques ou differents, representent chacun un 
atome d'hydrogene, un atome d'halogene, un groupe hydroxy ou un groupe organique monovalent; et n et m 
representent chacun une fraction molaire respectivement comprise entre 50 et 95% en moles et comprise entre 
5 et 50% en moles, pour un total egal a 1 00% en moles, 

et presente une masse moleculaire moyenne en poids comprise entre 1 000 et 1 000 000 sur la base d'une con- 
version en polystyrene. 

22. Materiau filmogene selon la revendication 21, dans lequel au moins un des groupes R 9 , R™, RH et R 12 est un 
groupe reactif monovalent ou un de ses precurseurs. 

23. Materiau filmogene selon la revendication 22, dans lequel ledit groupe reactif monovalent ou un de ses precurseurs 
est choisi dans le groupe constitue par un groupe hydroxy, un groupe carboxyle, un groupe allyle et un groupe 
alcoxycarbonyloxy. 

24. Materiau filmogene selon la revendication 1 B, dans lequel ledit polymere est represente par la formule (IX): 




dans laquelle X represente un groupe de formule: -CYY'-, dans laquelle Y et Y\ qui peuvent etre identiques ou 
differents, representent chacun un groupe alkyle halogene, un atome d'hydrogene ou un groupe aryle, ou un 
groupe fluorenylene; et R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 et R 8 , qui peuvent etre identiques ou differents, representent 
chacun un atome d'hydrogene, un atome d'halogene, un groupe alkyle, un groupe alkyle halogene, un groupe 
allyle ou un groupe aryle; R 21 et R 22 , qui peuvent etre identiques ou differents, representent chacun un groupe 
alkyle ou un groupe aryle, a condition qu'au moins un des groupes R 21 et R 22 soit un groupe alkyle; R 13 , R 14 R™, 
R 16 , R 17 , R 18 , R 19 et R 2 ^ qui peuvent dtre identiques ou differents, representent chacun un atome d'hydrogene! 
un atome d'halogene ou un groupe organique monovalent; et n et 1 representent chacun une fraction molaire 
respectivement comprise entre 50 et 95% en moles et comprise entre 5 et 50% en moles, pour un total egal a 
100% en moles, 

et presente une masse moleculaire moyenne en poids comprise entre 1 000 et 1 000 000 sur la base d'une con- 
version en polystyrene. 

25. Materiau filmogene selon la revendication 18, dans lequel ledit polymere est represente par la formule (X): 




dans laquelle X represente un groupe de formule: -CYY'-, dans laquelle Y et Y\ qui peuvent etre identiques ou 
differents, representent chacun un groupe alkyle halogene, un atome d'hydrogene ou un groupe aryle, ou un 
groupe fluorenylene; et R 41 , R 42 , R 43 , R 44 , R 4 * R 48 R 47 et R 48 , qui peuvent etre identiques ou differents, repre- 
sentent chacun un atome d'hydrogene, un atome d'halogene, un groupe alkyle, un groupe alkyle halogene, un 
groupe allyle ou un groupe aryle; R 13 , R 14 R 15 , R 16 , R 17 , R 18 , R 19 et R 20 , qui peuvent etre identiques ou differents, 
representent chacun un atome d'hydrogene, un atome d'halogene ou un groupe organique monovalent; et n et p 
representent chacun une fraction molaire respectivement comprise entre 50 et 95% en moles et comprise entre 
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5 et 50% en moles, pour un total egal a 100% en moles, 

et presente une masse moleculaire moyenne en poids comprise entre 1 000 et 1 000 000 sur la base d'une con- 
version en polystyrene. 

5 26. Material! isolant electrique comprenant le materiau filmogene selon Tune quelconque des revendications 1 8 a 25. 
27. Materiau optique comprenant le materiau filmogene selon Tune quelconque des revendications 18 a 25. 
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